Increases in the price of alcohol, whether through taxation or by other means, have been well established to effectively reduce the burden of disease and injury. 3, 4 However, increasing the price of alcohol across the board is often unpopular, especially among populations with high levels of consumption. 5 There is increasing interest in minimum pricing as a more targeted strategy that may meet with less popular and political opposition. Using various published data sources and evidence that heavier drinkers tend to pay less per unit of alcohol than lighter drinkers, 6,7 the health and economic impacts of setting different minimum prices have been modeled for different populations of interest. 7, 8 Recently, the Scottish Parliament passed legislation to set a minimum price of £0.50 per 8-gram unit of alcohol 9 by April 2013 and the UK government also announced its intention of introducing a £0.45 minimum price per unit for England and Wales. 10 To date, however, no direct empirical studies have been conducted on the effectiveness of minimum prices as a means of reducing alcohol-related harm.
The relationship between alcohol pricing, consumption, and related harms 11---14 is well established, but scant research has been concerned with minimum alcohol prices specifically. Gruenewald et al. 15 showed that Swedish drinkers compensated for price increases by shifting consumption to brands with low cost relative to alcohol content. They hypothesized that those already drinking cheap alcohol would be less able to make this compensation and so were more likely to reduce consumption. 15 In most Canadian provinces, government alcohol monopolies set floor or minimum prices for alcoholic drinks. A recent analysis of a 20-year data series from British Columbia generated the estimate that each 10% increase in average minimum alcohol prices yielded a net 3.4% decrease in alcohol consumption. 16 Using a time series of 52 financial periods across 4 years from Saskatchewan, researchers estimated that a 10% increase in average minimum price was associated with an 8.4% reduction in total alcohol consumption, 17 with larger impacts on higher strength beverages. The greater impact in Saskatchewan was attributed to minimum prices being applied comprehensively to all drinks with adjustment for beverage strength. The decrease in alcohol consumption was also noted to have been obtained alongside a simultaneous increase in government revenue from alcohol. 16 We explored associations between minimum alcohol prices and rates of alcoholattributable hospital admissions in British Columbia (BC), a Western Canadian province with a population in 2012 of 4.6 million. We exploited the availability of uniquely detailed data on alcohol outlets and rates of hospital admission arranged across 89 geographic areas (local health areas [LHAs] ) and 32 time Objectives. We investigated whether periodic increases in minimum alcohol prices were associated with reduced alcohol-attributable hospital admissions in British Columbia.
Methods. The longitudinal panel study (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) incorporated minimum alcohol prices, density of alcohol outlets, and age-and gender-standardized rates of acute, chronic, and 100% alcohol-attributable admissions. We applied mixed-method regression models to data from 89 geographic areas of British Columbia across 32 time periods, adjusting for spatial and temporal autocorrelation, moving average effects, season, and a range of economic and social variables.
Results. A 10% increase in the average minimum price of all alcoholic beverages was associated with an 8.95% decrease in acute alcohol-attributable admissions and a 9.22% reduction in chronic alcohol-attributable admissions 2 years later. A Can$ 0.10 increase in average minimum price would prevent 166 acute admissions in the 1st year and 275 chronic admissions 2 years later. We also estimated significant, though smaller, adverse impacts of increased private liquor store density on hospital admission rates for all types of alcoholattributable admissions.
Conclusions. Significant health benefits were observed when minimum alcohol prices in British Columbia were increased. By contrast, adverse health outcomes were associated with an expansion of private liquor stores. (Am J Public Health. Published online ahead of print April 18, 2013: e1-e7. doi:10.2105/ AJPH.2013.301289) points over 8 years. We adjusted for large co-occurring changes in the number of privately owned liquor stores associated with the partial privatization of the BC government alcohol monopoly. 18 These adjustments were necessary because rates of private liquor stores per head of population are known to predict increased per capita alcohol consumption 18 and alcohol-related mortality. 19 Canadian alcohol monopolies set and update minimum retail prices for alcohol sold in government-owned liquor stores in most provinces. These same prices also determine what the government charges when it distributes alcohol to private liquor stores, bars, and restaurants. In British Columbia, bar and restaurant owners must pay the same prices as customers of government liquor stores, whereas owners of private liquor stores currently receive a 16% discount on these prices. Final retail prices in these private establishments, however, vary at the discretion of their owners and differ significantly from prices in government liquor stores. 20 Thus, because the effect of minimum prices in a particular area is likely to be highly influenced by the number and type of local liquor outlets, we chose to measure and adjust for variation in this critical factor in our study of how minimum price changes are associated with rates of alcohol-related harm. Both theoretical and empirical reasons exist to suppose that alcohol price changes might have a more immediate effect on acute morbidity (e.g., injuries and poisonings) than on gradually developing chronic diseases (e.g., cancers and liver disease). Some previous population-level studies exploring relationships between per capita alcohol consumption and different alcohol-related diseases have reported delayed or lagged effects for chronic diseases associated with heavy alcohol consumption.
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Immediate associations, however, might be expected between price changes and rates of acute alcohol-related harm, such as injuries and poisonings caused by the short-term effects of heavy alcohol consumption. This distinction between acute and chronic harm was supported in an Australian study that found evidence for immediate impacts of alcohol price increase on acute but not chronic alcohol-attributable mortality. 22 Another consideration is that the use of the attributable fraction methodology involves adjustments for rates of population consumption. 23 Such adjustments are not required for conditions that are wholly or 100% alcohol caused such as alcoholic gastritis and alcoholic pancreatitis. For each of these reasons, we partitioned our outcome variable of interest, rate of alcohol-attributable admissions, into acute events, chronic diseases, and 100% alcohol-attributable conditions because they may react differently to price changes. 22 In this study, we hypothesized that minimum price increases would be associated with (1) more immediate decreases in acute alcohol-attributable admissions, (2) delayed decreases in chronic alcohol-attributable admissions, and (3) delayed decreases in 100% alcohol-attributable admissions because these conditions are mostly associated with the long-term consequences of hazardous alcohol use. In the event that delayed or lagged effects were identified, we sought to pinpoint the time periods over which these applied. Additionally, we hypothesized that changes in the rate of private liquor stores per 100 000 residents would be positively related to changes in rates of all alcoholattributable admissions. 
METHODS

Data Sources
Alcohol-attributable hospital admissions. We estimated alcohol-attributable completed hospital admissions by applying population alcoholattributable fractions (AAFs) to admission data for 60 categories of disease and injury. 2 For non-100% alcohol-attributable diseases, we calculated AAFs from the level of exposure to alcohol and the risk relations between consumption and different disease categories using the formula
where k = total levels of exposure; i = exposure category, with baseline exposure or no exposure i = 0; RRi = relative risk at exposure level i compared with no consumption; and P i = prevalence of the ith category of exposure We obtained relative risk estimates from published meta-analyses 25, 26 and prevalence data on drinking behaviors from the 2004 Canadian Addiction Survey. 27 For injuries attributable to alcohol, we based alcoholattributable fractions on direct estimates of alcohol involvement from the published literature. 25 Alcohol-attributable fractions were multiplied with overall numbers of completed hospital admissions (i.e., those that had resulted in a discharge) for each International Classification of Diseases-10 28 code and summed to obtain the total burden of disease from alcohol by age and gender for each of the 89 LHAs. The BC Ministry of Health provided data for the relevant International Classification of Diseases-10 codes (see Appendix A, available as a supplement to the online version of this article at http://www.ajph.org, and Rehm et al. 25 ) using the most responsible diagnosis by 5-year age group, gender, LHA, and quarter. We adjusted the survey-based estimates of alcohol exposure for underestimation by comparison with local per capita alcohol consumption for each of 5 BC health authorities 29 ; the overall method is described in more detail elsewhere. 30 Rates of alcohol-attributable admissions were age and gender standardized with reference to the 2001 BC population. 31 Minimum alcohol prices. We obtained minimum alcohol prices from the Liquor Distribution Branch of the BC Ministry of Public Safety and Solicitor General. 16 During the study, Spatial data. We obtained BC government data for LHA administrative areal units from DataBC. 34 The geometric center (centroid) of each area was computed and included in the models. We used the centroids from the LHAs to incorporate spatial dependence in the model by using the distance between centroids to develop the spatial covariance structure using a semivariogram function. 35 
Statistical Analyses
A number of preparatory analyses were conducted. We computed Moran's I for annual alcohol-attributable admission rates to test for spatial autocorrelation in these data and analyzed annual alcohol-attributable admission rates to examine trend changes using regression. We analyzed rates of age-and genderstandardized admissions using analysis of variance to examine seasonal differences. Bivariate regression was performed to examine the relationships between admissions and socioeconomic and demographic variables.
We then used mixed models, 36 which provide straightforward but flexible methods for assessing spatial and temporal dynamics of longitudinal panels of data. More orthodox autoregressive integrated moving average models were not appropriate for these data because of (1) the need to adjust for variation in outlet density and other covariates across 89 geographic areas and (2) the availability of only 32 time periods. Mixed models permit tests of fixed effects through either maximum likelihood or restricted maximum likelihood estimation. These methods are superior to traditional repeated-measures analysis of variance because they allow simultaneous inference about spatial and temporal factors through the use of fixed and random effects and they also apply to a wide variety of covariance (correlation) structures. Thus, more appropriate covariance data structures can be analyzed. We included spatial and temporal autocorrelation effects in all models. Log transformations were applied when necessary to correct for significantly skewed distributions and make the variance stationary for dependent variables. Adjustments for temporal autocorrelation were made if it was detected by the Durbin-Watson statistic. The equation for the mixed models was as follows:
where i = 1---89 each LHA, t = 1---32 each time period, and k = 1---16 index values for each HSDA; Y itk is the rate of alcohol-attributable admissions at the ith LHA and kth HSDA at the tth annual quarter; b 0 is the intercept; b 1 is the percentage of change in rate of admissions resulting from a 1% increase in minimum price; X 1itk is the Consumer Price Index---adjusted minimum price (Canadian dollars) per standard drink; and coefficients b 2 to b 10 represent the percentage of change in rate of alcohol-attributable admissions resulting from 1% increases in all other independent variables (i.e., the density of restaurants, government stores, and private stores and bars; percentages of the population that are aboriginal, visible minorities, high school completers, and in different income brackets; population density), the values for which are all represented by X 2itk to X 10itk . In addition, b 11 is the estimated effect for the trend X 11i (i.e., year); m k is the variance component for HSDA; l i is the variance component for LHA; s it is the spatial and temporal autocorrelation effect; and ɛ itk is the error term. We conducted all statistical analyses using SAS version 9.3 (SAS Institute, Cary, NC).
37 All significance tests assumed 2-tailed P values or 95% confidence intervals.
RESULTS
During the study period, alcohol-attributable admissions numbered 142 615, of which 48.07% were acute and 51.93% were chronic. Across all cases (acute and chronic), 17.57% were 100% alcohol-attributable admissions. Unadjusted rates for these different outcomes are summarized in Appendix B (available as a supplement to the online version of this article at http://www.ajph.org) for each of 16 HSDAs of British Columbia. The analysis of variance identified significant variance in these rates by both HSDA and LHA (P < .001 in each case). Unadjusted acute, chronic, 100%, and total alcohol-attributable admission rates each showed significantly increasing trends over the study period (P = .003, P < .001, P = .016, and P < .001, respectively). Rates of alcohol-attributable admissions were significantly associated with the percentage of population that was aboriginal, was a visible minority, and had not completed high school. Lower population density and higher family income were also significant predictors (P < .001 in each case). Moran's I autocorrelation analyses identified significant spatial autocorrelation on rates at each centroid for each type of alcohol-attributable admission rate on the basis of a distance-defined neighborhood (P < .001 in each case). Durbin-Watson tests for rates of acute, 100%, and total alcohol-attributable admissions were also significant, confirming the presence of fourth-order temporal autocorrelation, corresponding to regular seasonal variation (P < .005 in each case).
The estimates in Table 1 fully adjusted for these spatial and temporal relationships and indicated that a 10% increase in minimum prices was significantly associated with an immediate 8.95% reduction in acute alcoholattributable admissions but not with significant reductions in chronic or 100% alcoholattributable admissions. This overall negative association is consistent with the unadjusted trends summarized in Figure 1 , which depicts fluctuations in rates of deseasonalized acute alcohol-attributable admissions along with average minimum prices. The figure shows minimum prices initially declining in value and acute alcohol-attributable admissions increasing sharply, followed by a period when minimum prices first increased and then maintained their value, whereas the increase in alcohol-attributable admissions was stemmed. The model further estimated that a 10% increase in the density of private liquor stores was associated with small but significant increases in acute (1.00%), chronic (1.61%), 100% (1.43%), and total (1.26%) alcoholattributable admissions. Conversely, we found that acute alcohol-attributable admissions were negatively associated with the density of government liquor stores. In most instances, controlling for the density of liquor outlets reduced estimates of the size of the association between minimum prices and alcoholattributable admissions. Table 2 presents results from analyses similar to those presented in Table 1 , but allowing for minimum prices to have both immediate effects and impacts lagged by as many as 12 quarters. We found some significant lagged effects of minimum prices on chronic and total alcohol-attributable admissions for almost 3 years after price changes. We also found significant lagged effects for minimum prices on acute alcohol-attributable admissions as much as 1 year postintervention. Table 3 presents estimates of how many admissions per year might be prevented were minimum prices set at Can$ 1.25, 1.35, or 1.45 per standard drink, applying the results of the models presented in Table 2 . We estimated that setting a fixed minimum price of Can$ 1.35 per drink (approximately a Can$ 0.20 increase compared with present prices) would be associated with an immediate reduction of 726 cases or 8.47% of acute alcohol-attributable admissions and a reduction in 997 cases or 10.77% of chronic alcohol-attributable admissions 2 years later. More alcohol-attributable admissions might be prevented if minimum prices were set at Can$ 1.45 per standard drink. We also estimated that a 0.12% increase in acute, a 0.19% increase in chronic, and 0.17% increase in 100% alcohol-attributable hospital admissions would occur if the province had 10 extra private liquor stores. Note. CI = confidence interval; min. = minimum. Standard drink = 17.05 ml. a All the estimates in models 1, 2, and 3 are adjusted for trend (time = 1,. . .,32), seasonality (deseasonalized), age and gender (age-gender standardization), percentage of aboriginal to total population, percentage of visible minorities to total population, population density, family income, percentage of population aged 25-54 years without high school completion, spatial and temporal effects. Both alcohol outlet densities and minimum price included in model 3. *P < .05 **P < .01 ***P < .001.
Model estimates reported in Appendix C (available as a supplement to the online version of this article at http://www.ajph.org) show that minimum price increases for several beverage types were associated with immediate and significant reductions in acute outcomes. We estimated that a 10% increase in the respective minimum prices would be associated with a 3.56% decrease in acute outcomes for packaged beer and a 16.15% decrease for packaged coolers and ciders. We also found significant 2-year lagged associations for spirits and liqueurs (-9.72%), wines (-34.16%), and packaged coolers and ciders (-32.79%) with acute alcohol-attributable admissions after 10% increases in the minimum prices of these beverages. We also found significant 2-year lagged effects for 10% increases in minimum price of packaged beer and draft beer beverages for chronic alcoholattributable admissions (-4.87% and -10.93%).
DISCUSSION
This study adds to the limited evidence base regarding the specific policy of applying minimum prices to alcoholic beverages as a public health and safety measure. To date, modeling exercises using evidence-based assumptions have predicted that minimum pricing has significant public health benefits and has a particular impact on younger and heavier drinkers. 7, 8 As such, minimum pricing may garner more public support than across-the-board price or tax increases. 38 Canadian research has found that minimum alcohol prices are associated with significant reductions in the consumption of most types of alcoholic beverage. 16, 17 We extended this line of investigation in British Note. CI = confidence interval. Estimates are interpreted as percentage changes of alcohol-attributable hospital admission as minimum alcohol prices increase by 1%. All the estimates adjusted for trend (time = 1, . . ., 32), seasonality (deseasonalized), alcohol outlet densities, percentage of aboriginal to total population, percentage of visible minorities, percentage of population without high school completion, family income, population density, spatial and temporal effects. *P < .05; **P < .01; ***P < .001.
Columbia using detailed data over 8 calendar years for 89 LHAs to look at impacts on alcohol-attributable hospital admissions. After controlling for the effects of changing liquor outlet densities and a range of social, demographic, and economic variables, we found significant negative associations between minimum prices and rates of age-and genderstandardized alcohol-attributable admissions.
After controlling for the effects of changes to minimum alcohol prices, we also found small but significant positive associations between the local area density of private liquor stores and rates of acute alcohol-attributable admissions, thus replicating earlier findings.
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A notable temporal pattern was evident in the results. We observed immediate impacts of price changes only for acute alcoholattributable admissions, which accounted for 48% of all alcohol-attributable admissions. By contrast, chronic alcohol-attributable admissions involving serious diseases such as cancer and liver cirrhosis when combined as a group were only significantly associated (negatively in each case) with minimum alcohol prices after a period of between 2 and 3 years. Such an immediate impact being evident only for acute and not for chronic alcohol-attributable conditions has previously been identified in response to taxation increases in the Northern Territory of Australia. 22 Conceptually, this pattern of results makes sense. Increases in Canadian minimum prices have already been demonstrated to be associated with simultaneous reductions in alcohol consumption. 16, 17 One might expect that acute admissions (which are dominated by injuries) would respond immediately, whereas diseases, which develop over a longer period of heavy consumption, might not be immediately responsive, at least collectively. Some exceptions to this pattern have been identified in US but not European studies of liver cirrhosis. 39 The size of reductions in alcohol-attributable admissions observed are substantial and in each case disproportionate to the previously estimated reductions in per capita alcohol consumption in British Columbia. Thus, we estimated that a 10% increase in the average minimum price of all alcoholic drinks was usually associated with a 8.95% decrease in acute admissions compared with a 3.4% immediate reduction in per capita consumption. 16 The delayed impacts estimated for chronic alcohol-attributable conditions were also large, with a 10% increase in average minimum price estimated to be associated with a 9.22% reduction in chronic alcoholattributable admissions after 2 years. On the basis of these models, we estimated that increasing minimum prices from an average of Can$ 1.15 to Can$ 1.35 per Canadian standard drink would result in an immediate reduction of 726 acute admissions over 1 year (8.47%) and a further reduction of 997 chronic admissions over 1 year (10.77%) 2 years later. If minimum prices were to be maintained at these higher levels and adjusted with the cost of living, these lower rates of alcohol-related harm would also be maintained in future years. Several limitations of our study need to be acknowledged. First, it was an ecological observational study, and we used no control area or province for comparison in the analysis. The analysis takes advantage of variations in the value of minimum prices both in general and of specific beverages over an 8-year period resulting from both government intervention and changes in the cost of living. Although efforts were made to control for a range of important sociodemographic and economic variables, unmeasured and therefore uncontrolled confounding that could influence the results is likely.
A strength of the study was the availability of detailed data on alcohol outlet densities and changes to minimum prices provided by the government alcohol monopoly. The analyses demonstrated partially confounding effects of outlet density on the relationship between minimum price and rates of alcohol-attributable admissions. Assessing these relationships across multiple areas with differing densities was therefore important to estimate the associations between minimum prices and rates of alcohol-related harms.
We conclude that the policy of setting and periodically increasing minimum alcohol prices is associated with significant reductions in both acute and chronic alcohol-attributable admissions in BC. We also confirm earlier findings of adverse public health impacts resulting from increasing densities of private liquor stores. We recommend that further studies be conducted to investigate other potential impacts of this policy on consumer spending, government revenue, rates of alcoholrelated crime, and other health and social harms from alcohol. Concerns about possible unintended negative consequences such as increased consumption of non-beverage alcohol also need to be discussed. 40 
